CD133 was recently reported to be a cancer stem cell and prognostic marker. Quercetin is considered as a potential chemopreventive agent due to its involvement in suppression of oxidative stress, proliferation and metastasis. In this study, the expression of CD133/CD44 in esophageal carcinomas and Eca109/9706 cells was explored. In immunoflurorescence the locations of CD133 + and multidrug resistance 1 (MDR 1) + in the same E-cancer cells were coincident, mainly in cytomembranes. In esophageal squamous cell carcinomas detected by double/single immunocytochemistry, small CD133 + cells were located in the basal layer of stratified squamous epithelium, determined as CSLC (cancer stem like cells); CD44 + surrounding the cells appeared in diffuse pattern, and the larger CD44 + (hi) cells were mainly located in the prickle cell layer of the epithelium, as progenitor cells. In E-cancer cells exposed to nanoliposomal quercetin (nLQ with cytomembrane permeability), down-regulation of NF-κBp65, histone deacetylase 1 (HDAC1) and cyclin D1 and up-regulation of caspase-3 were shown by immunoblotting, and attenuated HDAC1 with nuclear translocation and promoted E-cadherin expression were demonstrated by immunocytochemistry. In particular, enhanced E-cadherin expression reflected the reversed epithelial mesenchymal transition (EMT) capacity of nLQ, acting as cancer attenuator/preventive agent. nLQ acting as an HDAC inhibitor induced apoptotic cells detected by TUNEL assay mediated via HDAC-NF-κB signaling. Apoptotic effects of liposomal quercetin (LQ, with cytomembrane-philia) combined with CD133 antiserum were also detected by CD133 immunocytochemistry combined with TUNEL assay. The combination could induce greater apoptotic effects than nLQ induced alone, suggesting a novel anti-CSC treatment strategy.
Introduction
The cancer stem cell, CSC, also referred as cancer initiating cell, CIC, plays pivotal role in carcinogenesis, progression and metastasis. CSC/CIC possesses higher resistance to chemotherapy/radiotherapy and apoptosis than cancer cells, which can result in ineffective treatment and cancer relapse after treatment (Cetin and Topcul, 2012) . Studies of CSC key markers principally aimed at selective elimination or establishment of therapeutic/ preventive target have become international hot spot in cancer research. CD133 is a universal marker used to identify and isolate normal stem cells (SC) or CSC from various organs or tumors (Tabu et al., 2013; Puglisi et al., 2009) . A small subpopulation with stem cell properties, responsible for initiation of new tumor formation was selected by CD44 + /CD24(-/low) marker in breast cancer (Carcia Bueno, 2008) . A subpopulation of colon cells with CD44(hi + ) has been identified to be highly tumorigenic as stem-like cells (Chu et al., 2009 ). CD44 is cell surface molecule proposed to identify cancer stem/progenitor cells in prostate cancer (Simon et al., 2009 ). However, it has been found in advanced study that prominin-1 CD133 also expressed in the prostate cancer, pancreatic cancer, breast cancer and colon cancer either as additional CSC marker or as prognostic marker (Aomatsu et al., 2012; Wang et al., 2012; Hori, 2013; Pellacani et al., 2013) .
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Anti-CSC Effects in Human Esophageal Squamous Cell
After birth definite numbers of stem cells (SC) reside at the basal layer of stratified squamous epithelium or the basal portion of intestinal crypts, suggesting that these areas would greatly contribute to detection of stem cell marker . Overexpression of the tissue factor accompanies cellular aggressive features, such as CD133 marker, epithelial-to-mesenchymal transition (EMT) and expression of angiogenic and prometastatic phenotype to play an important role in formation of the vascular niche for CSC . We think that the anti-CSC marker effect could contribute to inhibiting cancer aggressive and prometastatic features.
In our previous work we isolated the stem/progenitor like cells with p63 + /k19 + marker by filter screening combined with immunoabsorbant assay from the normal skin biopsy, and the cultured colony spheres could reform a new confluent epidermis above the fibroblast feeder underground. In addition, we found that the isolated keratinocytes from the skin epidermis were different in sizes (6µ/7µ-30µ), the small cells with the stem marker(hi) reside on the basal membrane, and the middle sized cells with certain marker + located in the prickle cell layer of the epithelium, but no marker was found in the largest cells located at superficial layer of the epithelium .
Based on down-regulated ROS stress and cell cycle progression in NIH3T3 cells, E-cancer cells, etc., and facilitating differentiation and apoptosis induced by quercetin in our previous experiments (Gong et al., 2009; Zhang et al., 2007) , we found that the natural flavonoid quercetin could persist cell ROS in certain normal level, not only to down-regulate ROS to cells with higher ROS level, but also to up-regulate ROS to cells with lower ROS level. There are some anti-CSC studies in breast, leukemia and glioma tumors induced by green tea polyphenol, curcumin, resveratrol and other polyphenols (Chen et al., 2008; Charpentier et al., 2014) . However, the information about quercetin anti-CSC effects in human esophageal stratified squamoous epiththelial cancer has been limited. In this study we designed to first detect CSC marker location in Eca109/9706 cells/human esophageal squamous cell carcinoma (ESCC) by immunofluorescene/ immunoenzyme technique. Then we first determined the water-soluble nanoliposomal quercetin (nLQ, with cytomembrane permeability) effect on E-cancer cells by immunoblotting, immunocytochemistry and TUNEL assay. Finally we examined apoptosis induced by watersoluble liposomal quercetin (LQ, with cytomembranephilia) combined with CD133 antiserum in E-cancer cells by CD133 immunocytochemistry andTUNEL assay.
Materials and Methods
Preparation of liposomal/nanoliposomal quercetin
Since quercetin is hardly dissoluble into water, we prepared liposomal/ nanoliposomal quercetin as follows. The quercetin (Sigma, USA), cholesterol, lecithecin, encephalin and polyethyleneglycol 4000 were mixed in ratio of 6:4:9:5:1, dissolved completely in chloroform/methanol (3:1), The dissolvent was processed by revolutionary evaporation under vacuum for 4-8h, hydrolyzed in PBS, repeated frozen-thawing several times, and finally passed through 220µm filter to obtain liposomal quercetin (LQ), 4.8mg/ml in PBS as stocking solution. The nanoliposomal quercetin (nLQ) was prepared by Sonics repeatedly until passing through a filter membrane with 80 nm pore size (Sigma, USA).
Cultivation of Eca109/9706 cells
The Eca109/9706 cell line preserved in our laboratory were recovered from liquid nitrogen and cultivated in DMEM medium (Sigma, USA) supplemented with 10% FBS (TBD, China) in humidified incubator (Sanyo, Japan) with 5% CO 2 at 36.5ºC
Double immunofluorescence staining
The intact E-cancer (Eca109/9706) cells on slides were fixed with 4% paraformaldehye for 10min, followed by heat-retrieval in microwave oven for 5min. Each slide was incubated simultaneously with double primary monoclonal antibodies, including CD133 against rabbit (BIOS, China) and MDR1 against mouse (SC, USA) in dilution 1:100 at 4ºC overnight. Next morning each slide was washed with PBS and incubated simultaneously with secondary antibodies, including sheep anti-rabbit IgG-TRITC (Jackson, USA) and sheep anti-mouse IgG-FITC (Jackson, USA) in 1:50 dilution. The primary antibody replaced by PBS was performed as negative control. Each slide was respectively activated with 518nm emissive wave length and with 616nm emissive wave length to reveal different colored fluorescence under fluorescent microscope and photographed.
Double/single immunocytochemistry
The E-cancer cell slides and the deparaffinized ESCC slides (from 10 patients' surgically resected ESCC tissues embedded in one paraffin block) were fixed with 4% paraformaldehyde and treated with heat-retrieval for 5 min. The slides were pretreated with H 2 O 2 /levomizol respectively to remove the endogenous peroxidase/ alkaline phosphatase(ALP). The slide was incubated with double primary CD133 and CD44 (anti-mouse, Zymed USA) antisera simultaneously in 1:100 dilution at 4ºC overnight. Then, the slides were washed with PBS and incubated firstly with secondary antibody of anti-mouse IgG-HRP in 1:100 dilution at 37 ºC for 30min, followed by incubation in DAB substrate to develop brownish color. Subsequently the slide re-incubated with secondary antibody of anti-rabbit IgG-ALP in 1:100 diluted for 30 min, and bluish-violet color developed by NBT-BCIP (Promega, USA) substrate. The primary antibody replaced by PBS was performed as the negative control. The slides were observed under microscope and photographed.
Immunoblotting of E-cancer cells induced by nLQ
The total protein was extracted from each group of E-cancer cells, including nLQ (nanoliposomal quercetin) and control groups, by using Cell Lysis Reagent (CelLytic TM , Sigma, USA) and the protein concentration was measured with Bradford method. The SDS-PAGE gel was electro-transferred onto the pre-treated nitrocellulose membrane (NCM, Protran, USA). The primary antibodies, including anti-HDAC1 (polyclonal, Santa Cruz, USA), anti-NF-κBp65 (monoclonal, Santa Cruz, USA), antiCyclin D1 (monoclonal, Zymed, USA), anti-Caspase-3 (polyclonal, Zymed, USA) and anti-β-actin (polyclonal, ZSGB, China) were incubated with corresponding NCM on a vibrator under room temperature for 2.5h. The TTBS buffer (0.15mol/L NaCl and 0.05% Tween 20 added into 0.1mol/L Tris-Cl buffer, pH 7.5) was used as blocking or washing solution. The goat or mouse IgG-HRP (monoclonal ZSGB, China) was used as the secondary antibody to incubate the NCM on a vibrator under room temperature for 1.5h, finally the brownish color developed on the NCM under DAB substrate for 20min. The anti-β-actin was added into each lane as loading control. DOI:http://dx.doi.org/10.7314/APJCP.2014.15.20.8679 Anti-CSC Effects in Human Esophageal SCC and Eca109/9706 Cells Induced by Nanoliposomal Quercetin scaled means (GSM) for target bands were determined by an Image-Scanner (ShanFu, China).
Immunocytochemistry of HDAC1/ E-cadherin in E-cancer cells induced by nLQ
The cell specimens from nLQ (nanoliposomal quercetin) and control groups were fixed with 4% paraformaldehyde, followed by treatment with 0.3% Triton-X100/PBS and subsequently blocking with normal serum. The anti-HDAC1 serum or anti-E-cadherin (monoclonal, Zymed, USA) was used as primary antibody, the SP kit (ZhongShan, China) was used as secondary and tertiary anti-sera. Finally the brownish signals developed under DAB substrate. The primary antibody replaced by PBS was performed as the negative control. The GSM of immunoreactivity (IR) signals were scanned by an ImageScanner (ShanFu, China).
E-cancer cells apoptosis induced by nLQ detected by TUNEL assay
The cultured E-cancer cells were divided into 2 groups: nLQ: cultured with 40µmol nLQ for 48h; C (control): cultured without nLQ for 48h. After the cell slides were fixed by 4% paraformaldehyde, the TUNEL assay was carried out as follows. The slides were digested with 5µg/ml proteinase K (Promega, USA), 37ºC for 10 min, washing and re-fixed with paraformaldehyde for 5min. Each slide was incubated with 15µl TdT buffer containing 0.5µl TdT enzyme (TdT, terminal deoxyribonucleotide transferase, Promega, USA), 0.5µl Biotin-16-dUTP (Rouche, Germany) at 4ºC overnight; followed by incubation with 1:800 diluted streptavidin-ALP (Promega, USA) about 40 min under 37℃, washing with Tris-Cl buffer pH7.5 and re-washing with Tris-Cl buffer pH9.5 several times. Finally bluish-violet apoptotic signals were demonstrated by NBT-BCIP substrate on the slide. The negative control substituted TdT buffer for TdT enzyme.
E-cancer cells apoptosis induced by LQ and CD133 antiserum detected by CD133 immunocytochemistry combined with TUNEL assay
Since the CD133 marker was mainly located at the cytomambrane, the CD133 antiserum combined with liposomal quercetin (LQ with cytomembrane-Philia) would contribute to inducing apoptosis. The cultured Eca109/9706 cells were divided into 3 groups: LQ+CD133 antiserum: co-cultured with 1.6 µl 40µmol LQ combined with 12µl CD133 antibody (the ratio of liposome and protein is about 2:3 in component, similar to that in normal cytomembrane) for 48h, LQ alone: only cultured with 40µmol LQ for 48h and control: treated with neither LQ nor CD133 antiserum for 48h. The paraformaldehyde fixed cell slides were first stained by immunocytochemistry with SP kit (ZSGB, China) to demonstrate yellowbrownish signals of CD133 marker under DAB substrate. Subsequently TUNEL assay was carried out on the cell slides as mentioned above.
Statistical analysis
Statistical analyses were performed by use of SPSS 17.0 statistical package. The data shown as (c -±s) represented at least three independent experiments: In each slide of TUNEL assay 200 cells were enumerated as the apoptotic rate. The difference was analyzed with one way ANOV: p<0.05 was considered as significant level.
Results
Double immunofluorescence in E-cancer cells
In E-cancer cells stained by double immunofluorescence with anti-CD133 and anti-MDR1, the CD133 + displayed red-colored fluorescene, the MDR1 + displayed greencolored fluorescene. Both positive fluorescene signals were mainly localized at the same intact cells cytomembrane with coincident intensity and location (Figure 1Aa, Figure  1Ba ).
Immunoenzyme of CD133/CD44 in E-cancer cells
About 75% E-cancer cells showed CD133 + /CD44 + with different intensity. In E-cancer cell slides CD133 + appeared as bluish-violet fine granules mainly located at the intact cell cytomembrane in different sized cells (Figure 1Ca ). The distinct CD44 + brownish-yellow granules surrounded the E-cancer cells in diffuse pattern (Figure 1Ab ).
Double/single immunohistocytochemistry of CD133/ CD44 in ESCC
A small subpopulation of 8% Eca109/ 6% 9706 cells were small sized (≈red blood cell-small lymphocyte). The small CD44 + brownish-yellow cells only reside at the basal layer of stratified squamous epithelium, the larger cells with CD44 + (hi) were mainly located in the prickle cell layer of the epithelium (Figure 1 Bb). The small distinct brownish-violet CD133 + CD44 + cells were located at the basal layer of the stratified squamous epithelium ( Figure  1Cb ) stained by CD133+CD44 double immunoenzyme staining. In ESCC connective tissue the small CD133 + cells with bluish-violet granules were located at the cancer pear periphery (corresponding to the epithelial basal layer) or scattered in cancer focus.
Immunoblotting of HDAC1, NF-κBp65, Cyclin D1, Caspase-3 in E-cancer cells induced by nLQ
When compared with control (C) group, nLQ could induce HDAC1, NF-κBp65 and Cyclin D1 downregulated, Caspase-3 up-regulated (Table 1, Figure 2Aa , 2Ab).
Immunocytochemistry of HDAC1/E-cadherin in E-cancer cells induced by nLQ
The intense HDAC1-immunoreactivity (IR) in dark brownish granules was mainly located in the nuclei (nuclear pattern) in the control group, while the nLQ group appeared cytoplasm/mixed pattern (translocated from nuclear pattern in the control) with attenuated HDAC1-IR (Table 2, Figure 2Ba) . The E-cadherin-IR located at the intact cells surface in nLQ group was stronger than that in the control group (Table 2, Figure 2Bb ).
E-cancer cells apoptosis induced by nLQ detected by TUNEL assay
In the nLQ group the apoptotic bluish violet signals in semi-lunar shape were mainly located at the periphery of the apoptotic cells which were different in sizes, but with no CSC marker demonstrated. The apoptotic body attached to the apoptotic cells also could be found. The apoptotic signals could be scarcely found in the control (C) group (Figure 2Bc) . The difference in apoptotic rates between two groups of Eca9706 cells (nLQ group: 42.5±0.5%; C group: 4.5±0.5%,) was significant, p<0.05.
+
E-cancer cells apoptosis induced by LQ+CD133 antiserum detected by CD133 immunocytochemistry combined with TUNEL assay
In the group of LQ+CD133 antiserum the violet-bluish apoptotic signals in semi-lunar shape were mainly located at periphery of CD133 + apoptotic cells with different sizes, after firstly stained in yellow-brownish color by CD133 immunocytochemistry followed by violet apoptoic signals through TUNEL assay. The apoptotic body attached to the apoptotic cells also could be seen. Among apoptotic cells there were two small apoptotic cells with mixed brownishviolet signals ( Figure 3A ). In the LQ group only induced by LQ alone, the bluish-violet apoptotic signals as fine granules were mainly located in the cells with no distinct yellow-brownish colored CD133 + marker demonstrated. The apoptotic body attached the apoptotic cells also could be found ( Figure 3B ). However, the intracellular apoptotic signals in Figure 3A and Figure 3B were not so clear as that induced by nLQ in the Figure 2Bc . In the control group, the violet apoptotic signal could be scarcely found ( Figure  3C ). The difference in apoptotic rates among three groups was significant. The apoptotic rates in Eca109 cells were group A: 49.5±0.5%, group B: 42.5±0.5% and group C: 5.0±0.5%, p<0.05; in Eca9706 cells, group A: 47.5±0.5%, group B: 40.5±0.5% and group C: 5.0±0.5%, p<0.05. In Eca109/9706 cells group A >group B was significant, p<0.05, while there was no significant difference in apoptotic rates between Eca109 cell group and Eca9706 cell group, p>0.05.
Discussion
Immunocytochemistry, including immunoenzyme and immunofluorescence is commonly used for detection of CSC/CSLC marker. Chen YC et al isolated both CD133 + and CD133 -cells from non small cell lung cancer and lung cancer cell lines, and found that CD133 + cells displayed higher Oct-4 expression with significant resistance to chemotherapeutic agents (Hu et al., 2012) . Bertrand J et al collected two major subpopulations from a human glioblastoma cell line, sedimentation by cell sorting: a most differentiated large cells sensitive to Fas-induced apoptosis and another characterized by small cells expressing CD133 marker and more resistant to Fasinduced apoptosis (Bertrand et al., 2009) . In the present study CD133 + /MDR + cells were detected by double immunofluorescence with coincident intensity, suggesting that the CD133 + cells may also possess resistance to multidrug.
Moreover, Bertrand J et al identified CSC/CSLC with emphasis on cell sizes, he found that the small cells forming aggregates and expressing CD133 were CSC in glioma (Bertrand et al., 2009 ). CD133 may be expressed in small sized quiescent CSC as well as in large sized differentiated cells, since CD133 is also expressed in differentiated cells (Tabu, et al., 2013) . In the present F i g u re 2 . n L Q E f f e c t o n E -c a n c e r C e l l s . DOI:http://dx.doi.org/10.7314/APJCP.2014.15.20.8679 Anti-CSC Effects in Human Esophageal SCC and Eca109/9706 Cells Induced has not yet entirely elucidated, despite of some reports concerning CD133 which could participate in metastasis (Bao, et al., 2008 , Pirozzi et al., 2013 . Besides, increased CD133 expression level is correlated with poor prognosis in the patients with neuroblastoma or hepatocellular carcinoma (Tong et al.,2008; Song et al., 2008) . CD44 glycoprotein was found not only located at the surface, but also revealed in intercellular/extracellular adhesion matrix in multifocal and diffuse pattern (Knudson, 2003) . The cell surface CD44, as the hyaluronan receptor as well as the E-selectin ligand, interacts with the matrix CD44 or the CD44 variant isoforms, such as CD44v6/CD44v3, are capable of facilitating cancer growth and metastasis, and higher CD44 expression is also correlated with poor prognosis in cancer cases (Thomas et al 2008; Kobel et al, 2004) . Combined CD133/ CD44 expressions is a prognostic indicator of disease-free survival in patients with colorectal cancer (Galizia et al, 2012) .
NF-κB is activated by responsing to various stimuli, such as oxidant stress, immune response and carcinogenesis (Wertz and Dixit, 2010) . The quercetin flavonoids are capable to act as anti-inflammatory agents via modulation of pro-inflammatory gene expression and signal transduction pathways (Tuñón,et al.,2009) . Activated NF-κBp65 (RelA) and the aberrant HDAC activity play the pivotal role of tumorigenesis (Sun et al., 2012; Seidel et al., 2012) . Additionally there is link between RelA/p65 and class I HDACs in nuclear translocation as well as RelA/p65 DNA binding activity (Lehmann, et al., 2009 ). The apoptosis is induced through inactivation of nuclear factor-kappaB and activation of caspase pathway after anti-cancer treatment (Park, et al., 2011) . HDAC inhibitors are promising anti-tumor agents as they may affect the cell cycle, inhibit proliferation, stimulate differentiation and induce apoptotic cell death (Steliou,et al., 2012) . In present experiment the downregulated HDAC1 with nuclear translocation inhibited RelA/p65 activity, the down-regulated HDAC1, Rel A and Cyclin D1 and up-regulated Caspase-3 were induced by nLQ, acting as the HDAC inhibitor (HDI). The HDI, such as nLQ, can serve as a promising approach to suppress NF-κB activity which may lead to induce apoptosis through HDAC-NF-κB cascade signaling.
Epithelial-mesenchymal transition (EMT) is implicated in embryonic development and tumor metastasis (Kokkinos, et al., 2010; Wang et al., 2013) . In this experiment the E-cadherin expression was up-regulated by nLQ, implicating that the EMT could be reversed by nLQ at certain extent. It is suggested that the reversal EMT induced by nLQ may inhibit cancer cell metastatic stemness potency via wnt/β-catenin pathway (Cai, et al., 2013) . Almanaa TN et al indicate that the anti-stem like cell effects can be induced by phytochemical agent, curcumin, in human esophageal cancer cells (Almanaa et al., 2012) , the apoptotic effect via HDAC-NF-κB cascade signaling induced by the phytochemical agent, quercetin, was studied in this experiment. We found that the apoptotic cells induced by nLQ varied in sizes, no stem cell marker was demonstrated. Then, we further studied the apoptosis induced by liposomal quercetin with cytomembrane-philia character combined with CD133 antiserum, which may contribute to endocytosis by E-cancer cells and resulted in about 6-7 % apoptotic rates promoted. The apoptotic E-cancer cells, including large and small cells in different sizes showed CD133 + marker, albeit the apoptotic signals in cells were not as clear as nLQ induced.
So far, the hypothesis that CSC derives from accumulated mutation of stem cells/progenitors with microenvironment has received strong support (Dreeson and Brivanlou, 2007) , there is similarity between CSC and SC in self-renewal, multipotential and marker expression albeit with different expression levels (Gil et al., 2008; ,Bu and Cao, 2012) . Studies of CSC focus on exploring novel target for therapeutic/preventive intervention. Either the specific miRNA (Guo JX et al., 2012) or the labeled CSC marker (Jin, et al., 2012) can be applied to anti-CSC research as novel therapeutic strategy. Since the CD133 marker was mainly located at the cytomembrane in our experiment, the E-cancer cells apoptosis was induced with the cytomembrane-philia liposomal Q combined with CD133 antiserum to enhance apoptosis, including small CD133 + apoptotic cells. The therapeutic/preventive intervention is worth to be further investigated.
